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gmE Kk wEnk FER RE ANV FHE
FTFREBUESIER A FREDPE SHAMERESAS®E Kk 300071)

B ZE. [¥F]1CFLL ARROBLBMBE AL RIELR, NFRIMESE TFHER, £ORL
AN SIS SN AT B R FEETE/EA. [B 6] A CFLL AR Y BA0E H A H 5 F
A, [ k) RABARIERAEE mAER, ME CFLL #: & aF BALE A @t A 345 B o4 4w
FLEE ) 075 oe; AL R 2K B s EE TR A = F AL 2R (DM SO) o # H 3t 4% fif BAC R ) B 69 %50
R 58T 3% . F & PCR 441 CFLL # X st BAV/E A 5L 5L R AKX 69 %ok, KA 3L B A UBE(CAT)
EMM T kAR CFLL #: X 3 CATL AR KX eh&k; @idME WT-CATL-GFP #=
cflIA/A-CAT1-GFP # #r i A1 iL B A B AL B iR A AT cflIA/A BACE B e #om. [4R] &
1R 4 BEHF CFLL AR 098k k2 A1 E-E a0 fe /) 690835, BACE D AR F KA T, i
AL EBE R R gt A AN AR B 5 B A A UL — 8 BALE K, [44]) CFLL AR @ it4d
KRS L RLBEE AR ) A AR

XHEE. a4 mE, 84LE A, CFLL AR, #F A

CFL1regulates oxidative stressresponse genesin transcriptional
levelsin Candida albicans
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(Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Department of Microbiology,
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Abstract: [Background] CFL1 is one of the ferric reductase genes in Candida albicans, and
mediates the reduction of iron in the cell surface to maintain iron stability in the cell. [Objective] To
study the sensitivity and mechanism of CFL1 to oxidative stress. [M ethods] We analyzed the growth
and the ability to kill macrophages under the oxidative stress condition by means of liquid culture
and macrophages model. Dimethyl sulfoxide (DM SO) was added to verify if it released the oxidative
stress. The quantitative real-time PCR was used to analyze the expression of oxidative stress
response genes in cfl1A/A. We constructed the strain WT-CAT1-GFP and cfl1A/A-CAT1-GFP to test
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if the over-expression of catalase changed the sensitivity. [Results] The deletion of CFL1 caused the
decrease of the ability to kill macrophages and the expression of oxidative stress response genes.
Besides, it resulted in the down-expression of catalase. However, the over-expression of catalase in
cflIA/A could recover nearly the same ability of oxidative stress response as the wild type.
[Conclusion] CFL1 regulates the oxidative stress response genes in the transcriptional levels.

Keywords: Candida albicans, Oxidative stress, CFL1 gene, Transcriptional regulation

P A1 22 T B 22 0 DR DL 1) 25 A B0 1k L TAT
BEIERE A . el FUR s R BN,
0T PR 22 Wbk 5 il B RS AE . AN K
TRl o HE 2 A T B A1 el i TR DR A
SRR AR, RG] R 2
go, SRR OR . PIERFLN, FIEBEUR
PEGTRBE R, SPEOAMAE . WUAE A & 4EE . H
HI, BEE IR EE B E N2, Rk
BRI T B & BR TR N AT 2 DG i 4 B
WA, gesh, mFEE )2, A
22 T BRI — R BT 250, 25 VRYT R TR
PRI ME o PRI, 1 M 22 I B 1 25 TG T R
S, IR VIR 22 e B R T SR b3 = 1%, 2
BRI TAE SRR E .

R 22 B AR T8 R &2 51 ERE R 5%
X, EWEAHAE . 1 rbvoR 20 i A5 e s At i AR
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oxygen species, ROS), i il IR 22 B HE iy A AL
HBETHE, PHUEREOEERERY. Wik, AT
TEAE FRNAATG , PR T RO 8 5%
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BB SRR RS . FEIER SAIF T, Capl 5
BT MR 2 0], 4R IR 2 R ) R
O E . 2 B E AL T RIET, Capl fig
Wk AANMERZ, IR, RES Crml
1 % %1 (Nuclear export sequence, NES) 454 fiE
J1, Mg ATEALES TRRL, GLRL il CATL 44 fk
J 1375 (Oxidative stress response, OSR)J: [ 1143
T b, AN RS, R Y

BEFREMERAERSFERITER, AMEHE
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TERRIAREEE S, A S 00 A FREL, FRPL
il FRE10 %,

CFL1 JE[H (Candida ferric reductase-like gene)
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SCERHRGETOM 2B B CFLL JE R 5 pims i £
1) FREL BEHI WU, JF HAE FREL IR 5 RER
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RN AR 1 R AR . TER 22 K& FI/IN L #E
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Ah, CFLY BEPRTEE AT W& T R #EHT, H
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FERI . TR b, AWF9EE IR CRLL A&
DRI D 8 B TR IR, 838 CFLL Y%
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Tablel Srainsand plasmidsused in thisstudy

Strains and plasmids Genotype and description References
C. albicans strains
BWP17 (WT) ura34::Aimmd34/ura3::Aimm434 hisl::hisG/hisl::hisG arg4::hisG/arg4::hisG This study
AIAA ura34::Aimmd34/ura3A::Aimm434 hisl::hisG/hisl::hisG arg4::hisG/arg4::hisG [12]
cfl 1::ARG4/cfl1::URA3-dpl 200
fl1A/A+ CELL gﬁ%mﬂﬁ:gggwcgi.hlselhm..hlsG arg4::hisGlarg4::hisG [12]
WT-CAT1-GFP ura34::Aimméd34/ura34::Aimm434 hisl::hisG/hisl::hisG arg4::hisG/arg4::hisG pACT-CAT1-GFP  This study

cfl1A/A-CAT1-GFP

Plasmids
PRS-ARG4ASpel Containing ARG4 marker, Amp'
pDDB57 Containing URA3 marker, Amp'
pDDB78 Containing HISL marker, Amp’
pDDB78-CFL1 Containing HISL marker, Amp', CFL1
pCAT1-GFP Containing URA3 marker, Amp'

ura34::Aimméd34/ura34::imm434 hisl::hisG/hisl::hisG arg4::hisGlarg4::hisG
cfl1::ARG4/cfl1::URA3-dpl200 pCAT1-GFP

This study

[12]

[12]

[12]
This study
This study

x2 AMRFAAY
Table2 Primersused in thisstudy

Primers Sequences (5'—3')
TRR1-5RT TGGAGGATCTGAATTGATGG
TRR1-3RT CACCAGTAGCAATGATAACG
SOD1-5RT CGAATCCGCTCCAACCACAA
SOD1-3RT CCTTTAGCAACACCATTACCAT
GLR1-5RT GGAGATTTCGATTGGGCTAA
GLR1-3RT GACTTCAACTTCACCTTCAG
CAT1-5RT TCCAGAACCATTTGCCACTCA
CAT1-3RT GGAACCTTTAGCGTGGACAAC

1.2 EZRFIFLE

R 3350 (PEG3350). AlERHH (LiAC)FIfL
FEPIBEP)AEIE B Sigma A Fl; M-MLV U5k
Oligo-dT. RNA il 7451 4 Promega Al ;
SYBR Green qPCR SuperMix I H TransGen /A ] .
PCR{It4 [ Gene Company Limited 2\l ; %856 i1
B350 A Olympus A .
1.3 EHFE

PR 22 e BE i 3 3 i Y PD 55 R 5L Fn SC 1
eI, FEAETTEAIN 0.1%0) JC B PR (U BE Sl
0.08 g/L, SC-Ura JEiz#shm)™. KMk 5%
i LB #5553k, MMETEAIN 0.19% M 2 T H H
(HeFEH 25 mg/L)™, LN RAW264.7 fHE 57

il RPMI-1640 }5773%, JFIA 10%fA 4 i3k (F
FTSIN 0.1%f%) 0.08 g/l JCHRTT).
14 BEHRBIMEE

it PCR M-Sy FREL, MRl
BRI KR cfllA/A, H CFLL LA 7% % pDDB78
JokL b, I R B R AR A 1k v R B A ORI Ak
CAl1A/A , #4782 [0 %h B bk cflaa/a+CrLIM | o
pCAT1-GFP J&i %7 55 1k WT 5 cflla/A, #y
WT-CAT1-GFP Fl cfl1A/A-CAT1-GFP i 2H itk .
15 HKEENHINE

B WT . B 5k cflla/A 0[] &b B bk
cflIA/A+CFLL WA T A 53515 %% ODegoo 24 0.1,
30°C. 180 r/min#Ei%4555 4 h, 5% ODeooo NIA
5 mmol/L H,0,, %k 2 hillliE ODgw, 05 LAY
ARG . AERFTEFRHE [ H 5 BRI B 2 AR
(Dimethyl sulfoxide, DM SO)* & fi#4a tkE 1 H1ER
BF, ) HO0p A A TR H A 75 mmol/L DM SO,
1.6 EREZHAR5 {5 EE 789N E

B2 mL RAW264.7 B W2 it Jin A 6 FLANIAR ,
R BEA KRR AT, WEEXTEUE KA WT ., Gk
PRk cflIAIA FNEIANERE cflLA/A+CFLL, Rk
7y 1x10° cells/mb . K P 22 B i A 40 i 5 55
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Br, BT 37 °CHFMPILIER 3 h, g
JIA 200 pL %<4 0.1 mg/mL Y Pl Jekt, WaEw
RS R4, 8 000 r/min &.0> 2 min, PBS:
W3R, WIMETIER, T E LIRSt R,
1.7 ROSHIME

SRR X BCE R WT . Bk
¥k cflIA/A i [EI#b B cflIA/A+CFLL 43 5l Hm A
5mmol/L H,O,, 30°C. 180 r/min{kEEF:2h, A
75 mmol/L DMSO, 4k&£:5:3% 2 h J5 8 000 r/min 5.0
2 min, ROS W Jrik: M@ A 10 umol/L
DCFH-DA #5f, iR 30 min, AL PBS
Ve 2K, TEBOR K 488 nm Ak 5T K 520 nm
FAF T IE DGR
1.8 SELENMEREERIZANE

e WT . BIHE ofl LAVA F[El %N #E cfl LA/A+CFLL
KR 2XEERKPI, A 5 mmol/L HO,, kY
¥53% 2 h, 8 000 r/min .0 2 min WEERFA, fHiH
RNA 2B SR BUR P B RNAML, 5 RNA 2 4%
SN cDNA, i1t qRT-PCR B 7 A& TRRL,
0D1, GLR1., CAT1 %541k & Jj i % (Oxidative
stress response, OSR)FEA 1Kk 12 .
1.9 CAT &AM E

XPECE KR WT . BRIk cflla/A Filal
N RE cfl LAIA+CFLL HiA 5 mmol/L H,0,, 1577
2hJ5 8000 r/min &5.0> 2 min A IA, $RBUE AN
MR R A AL E A0 & CAT
R
2 HR5HH
21 CFL1BREXMEE SIS0

TEIEH YPD 8555400 F, cfllA/A A K 55T
AR EARME cflIA/A+CFLL 3% 22 5 (5 e ok
7R)o %3k 5 mmol/L H,0, 40 FH(IK 1), 8 hJ cfl1A/A
R AR5 F WT Fl cfllLA/A+CFL1, 21 h J5
cflIA/A WA KRR IR . X R cflla/A
SHEALTE F1 8 s, CFLL RN Ak S 8UE K
R%,

mwWT

fl INA+CFLI T

O[’)(vtlﬂ

8 21
t(h)

B 1 CFL1GREMEMWEHSRMERIMm
Figure 1 Effects of CFL1 deletion on the sensitivity to
oxidative stress of C. albicans

2.2 CFL1 &%kt BRI 15 R B2 0E

I 200 2 A P R N B T A, TR
bR AR 0 PR 22 B BE B WE A  25 Bk
ROS, s fb k71, PRt mr L B 4 i i
ME AL TN KF . ¥ E Ak RAW264.7 5
PR 22 B RE R AT LB 35, FF X A8 T2 1 5 W3 240 i
11 PLYeta, 259K WA AURI RN S RE R BT
TP EELRN, T cfllA/A X E WA R Gt
T BERMR(E 2A), H—H 5B stT
R, ORI WT SR AR BT 20>90%01) F W 4 it
BET, T cflIAJA G B 1% B4 sET, W]
L, CFLL J K (1t 2 231 B R 22 I 8 S A b R i
CECT 27 RE T ) S R
2.3 BREBHREBRTI cfllaA/A SHE DR
(eS0T

CFL1 JE:mad IR REEN , REsrist i Fe™
IR Fe™, CFLL JEDR B Blede 2oyt M o gk 85 1
WP, HEM cAlIA/A XK T U LI
MM R FE S H0, 454, KAEFIR,
R TRAMENEGE, FEIENRKE ROS K
20 IR X — R, AR R R
DMSO, il A bR J7 5544 T A KA oL, 4553
FW] . DMSO S E WT M5 Ak U B A (B Mok 4 2
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WT cf11A/A cf 1 IAIA+CFLI

Strains

B 2 CFL1GREX ERRZHARH 1% AE 11 B0

Figure2 Effects of CFL1 deletion on the ability to kill the
macr ophages of C. albicans

e A: PLRESHT; B: ENRAIMIZET 35047

Note: A: Pl dye; B: Death rate of macrophages.

1, H ODego 251340 T 0.16 1 0.07, {HZ
cflIA/A FFTCAEHEAET, ODeoo {31 0.02 (] 3A)o
X158 DMSO X cfllA/A 1R K IFTC B EAE .
JEIE DMSO IEBRFEE A e R A b=
J1, M THEAE S DMSO 4bHS ) ROS 7K
Vo GEREIN: TEEPAERY WT ., GRERE cfllA/A FI
[l &Mk, DMSO AR AR THAEAN ROS 1 &
BE TFI(E 3B), XM cfl1A/A XA ALIE 116
S ¥ A IR REmIC e
24 CFLLIBERMEMEANZREEARIENFIG
H ¥ H BRI IR cflla/A XHEE S
BB SRR, TR I 4 0 A 6 TR 3R 8 K S B IR 5T
cflIA/A X 48 A T SO AL o SR 298 e 1
EL oK. TUEALESIEE, WT . cfl1A/A Fifa]

A
08 “5 m-DMSO ns
+DMSO
0.6
S 04}
)
021
0
of1IAIA cf]lA/A+CFLI
Strains
B ns
301 @ _pMmso
300 +DMSO
3 250 [
=
%200 ns
8 ns
: 150 W /—|
2 100
E L I
=50
0
WT cfl IMA  ¢fl INA+CFLI

Strains

B 3 #EBHEFRF DMSO 3 cfllA/A ELEHE
A0 )

Figure 3 Effects of hydroxyl radical DMSO scavenging
agent on the sensitivity of oxidative stressin cfl1A/A

TE: A: fIlA DMSO J5 A KI5 B: LA DMSO JAlfd
M ROS /K F-.

Note: A: Growth after adding DMSO; B: ROS levels after adding
DMSO.

PR OSR K (1 R A B 4b FHARIK T (] 4A);
1£ 5 mmol/L HyO0, il 2 h Ji5, cfl1A/A b OSR HE[H
TRRL, SOD1. GLR1 FiI CAT1 ({5 is0] B ik
(1 4B). ¥iAH CFLL LR X} OSR LR 9 1E 7 i fig
FERE AR, cfllAIA B4 B L OSR
FER B R B Ko
25 CFLI1GREMEE USRI

CAT1 JLHZwtid S L A i (Catalase, CAT),
TE 37 3 A AL FE 7 R e i ol Rk U\ﬁﬁéa\
ffeit AL, RN AR SR ROS, IEH
R, CATIEMEAEWT, dllA/A%ulEl%Mﬂ%EP%M?
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A
127 WWT Me7INA B eflINA+CFLI
=
2
72}
5
=
s
L
=z
=
&
TRRI  SODI  GLRI — CATI
OSR genes
B
3.5 WT M /IIA/A B cf1INA+CFLI
= 30
2
Z 25
g
& 20
()
R *
=
2 10
0.5 . : x
0

TRR1 SOD1 GLRI CATI
OSR genes

Bl 4 CFL1BRAMEMWE NN EERE RIS
Figure 4 Effects of CFL1 deletion on OSR genes
expression of C. albicans under the oxidative stress

i A EEARIIE T OSR ZERAYIA; B: AL T OSR
TR R,

Note: A: Expression of OSR genes under non-oxidative stress; B:
Expression of OSR genes under oxidative stress.

AR K (K BA). Rt — B Kk CFLL [k
RXF CATL FiBWysgm, e 1 A4k 1R
T CAT W, 45 E/R: 5 mmol/L H,O, &b
H 2hJ5, cflLA/A 1 CAT i1k & & Mmik, H
0.05 U/mg protein, ¥4 %5 a1 %M E AR CAT
1R 353 1.53 U/mg protein il 0.64 U/mg protein
(&l 5B). AIDL, CFL1 Mtk G380 CATL BRIk
TV, M5 CAT it 5 Nk,
26 WEAEETRIER cflIA/A EHE
(e

YT CAT TE FUBR 2L BET 52 HoOp 2ok 72 v i) H
BVEH, HEW cflIA/A ARAR R ) RO 3 o 3 2
T CAT1 FikHMBE N, IR UEX—Hm,

CAT activity (U/mg protein)
=

0.5
0
WT cf1INIA cf1INA+CFLI
Strains
B
— 2.0
R=)
L
2
g 1.5
=11}
£
= 1.0
z
=
3 05
> .
“
WT cflINA  cflINA+CFLI
Strains

B 5 CFLLEREMEEUIEGFLEIF M

Figure 5 Effects of CFL1 deletion on the activity of
catalase

e A: AREARINE T CAT MTEHIKSE; B: AN T CAT

TSR
Note: A: Activity of catalase under non-oxidative stress; B:
Activity of catalase under oxidative stress.

¥RIE T CAT 1t AR cflIA/A B AL TR U Al 52
Wi, % pCAT1-GFP i F ik ki o il i b r i 22 1%
B WT FBRZE MR cflIA/A, Bk T 58 S 3 7
ACT1 il CATL ik, M GFP Aric CAT1 %k
, ZrE 5 mmol/L HO0p 403 2 h Ji5 07 254
T%Hﬁé@ CAT {EMEMAERIEN . 450 £ .
CATL iyt Fik FEm Kbk CAT IEEIT B3,
IKE T WT H CAT iGPERIKF-(F 6A). A AEN
MEE—RM: H,O04b 5, cfl1A/A-CAT1-GFP
Il WT-CAT1-GFP (A KA B &2 5 (K 6B).
Rgh e —HAE] . CFLL Bk |2y CATL it

DR 2% 15 T B S Bl 2 TR R B 1 B0 34 i 1) 6
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160 [ = WT
2 120 | B WT-CATI-GFP
a B cf1IA/A-CATI-GFP
E’ 100 ns
é 80 M I
=
Z 60f
g 40t
= -
S 20t i
0
8 21
H,0, incubation time (h)
B
300 wWT ns
30 | ™ of11A/A 1
B WT-CATI1-GFP
25 | W ¢f1 INA-CATI1-GFP I
= ns
S s 1 M -
10t
5 L .
0 8 21

H,0, incubation time (h)

6 H,0, B T I FWEEGTRIER cfl1A/A B CAT
AR ENE DU R

Figure 6 Effects of catalase over-expression on the CAT
activity and the sensitivity to oxidative stress

e A AR EERET R IEXT cflla/A (1 CAT IEPEREM; B:
1 AL AU RN Cfl LAJA AR T BB (1) 5 )

Note: A: Effect catalase over-expression on the CAT activity; B:

Effect catalase over-expression on the sensitivity to oxidative
stress.

3 Wib%®
ARSI SRS M, CFL1 RENTEgFas
Yekf . A KA . MRS Z ) R E
FHEMEM, A, CFL1 R BL &S B
P XA A B, BB CFLL 544LE S
22 AR OG , HR LR AL e T 2 Y LA
HLRIA R AR,
AUGHAHFARFAE S R LB, CFLL JBERTEN
B 22 P B v G e kA i il L S U N R S
FRRERAE, (HIXRE SR N E TS
UM IR A BB R AW 4t RduiEse,

cflIAJA X 5 Ak F 07 FUR M R 33 i -5 4 8 - AH O 1Y
SR N (R N AT = A KR S B k) ik, A
o B, CFLL Bk 2 33 iure | Ak s &A%
T OSR FEH KBTI, UiBIZIEHFLERTE OSR
FENFE T R IE MR . o A A S g i
FEIH CATL (i Fak RS MR CRLL Bt i pi i 4
RS, R R, CFLL &M
TERFMLHIZ 54645 CATL &8 A0 E 7 3 A0 56 3t
R N RS IR K, 20 0R 4 R 24 1 B
JiL P SR AR R T 1 2 e R

PR 22 ) B N A2 25 10 4 45 32 31 7™ 4% 1)
5o Horh sy ny Jr X LG R AR-Ae SR A
TR RS Sefl-Sful-Hapd3 i dim g™,
R T Sefl 2 SRS YERr, X CRLL L%
RS ME RS, Aft2 R Ak A R R
VER LSRRG N+, BRSNS CFLL SR,
P 22 P B8 SR AL R 0 1o 24 R 4 R — A R 24 i i
T2, Capl ¥sEIoih i AR AN Bl B35 75 2 L il
EAMANSHSE, W Gpx3. Ybpl Al Trxl 217,
ABgEm R CFLL 7R T 2 R rh VR R L
TR R, PE—4 & P Cf11 % Capd R IE ) OSR
FRFEFEEATREER, Mg T Aft2 PR
Pl 5wty Capl /i FHIEALIE SR B RAR 0 5
HH R

Rk, A58~ T CFLL RERETERE /K |
PR OSR FEMHMFRIL, HEMTEA T I A2 1
RO EEEAE . RS, CFLL Biifgkd% oo
5 OSR s ottt Z Ml 56 R AT ik— 2 0F
5%, CFLL X§ OSR i [K] ) ELAR TR AL il th 75 B80T o
BN, CFLY 7EH: sk R AR 1R F A A 2 |
Rl o o & S iU 92 N 3 T R VST G IR 2
PUI S, #T B — R AW .
REFERENCES

[1] Tong YQ, Tang JG Candida albicans infection and intestinal
immunity[J]. Microbiological Research, 2017, 198: 27-35

[2] Pan LN, Cao CJ, Wei YJ, et a. Phenotypic transitions and their
regulatory mechanisms in the human fungal pathogen Candida
albicang[J]. Chinese Journal of Cell Biology, 2016, 38(9):

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2216

TEY I8

Microbiol. China

(3]

(4

(9]

6]

(8l

(9

(10

1049-1059 (in Chinese)

WEENHE, WORE, BRI . AR TRETE AR K IR
il B BIF 5 E J (). b A0 AR W 2 2 ik, 2016, 38(9):
1049-1059

da Silva Dantas A, Day A, lkeh M, et a. Oxidative stress
responses in the human fungal pathogen, Candida albicansJ].
Biomolecules, 2015, 5(1): 142-165

Diezmann S. Oxidative stress response and adaptation to H,O; in
the model eukaryote Saccharomyces cerevisiae and its human
pathogenic relatives Candida albicans and Candida glabratalJ].
Fungal Biology Reviews, 2014, 28(4): 126-136

Wang Y, Cao YY, Jia XM, et a. Caplp is involved in multiple
pathways of oxidative stress response in Candida albicang]J].
Free Radical Biology & Medicine, 2006, 40(7): 1201-1209
Moye-Rowley WS. Transcription factors regulating the response
to oxidative stress in yeast[J]. Antioxidants and Redox Signaling,
2002, 4(1): 123-140

Peng J, Zhang YT, Chen J, et a. Structural function and potential
clinical value of transferrin[J]. China Journal of Modern
Medicine, 2017, 27(26): 56-60 (in Chinese)

AR, SR, DR, B, RREREE RS D RE RN I RN
FMELY. EBRE 2SR, 2017, 27(26): 56-60

Qian KF, Dong YJ, Xu N, et a. Research advances of cellular
iron transport and storage in Candida albicang[J]. Microbiology
China, 2014, 41(8): 1643-1648 (in Chinese)

BT, #UR, 7, . FSIRBI A8 T2 R
SBR[, A FiEeR, 2014, 41(8): 1643-1648
Yamada-Okabe T, Shimmi O, Doi R, et al. Isolation of the
mRNA-capping enzyme and ferric-reductase-related genes from
Candida albicang[J]. Microbiology, 1996, 142(9): 2515-2523
Hammacott JE, Williams PH, Cashmore AM. Candida albicans
CFL1 encodes a functional ferric reductase activity that can

(1]

(12]

(13]

(14]

(19]

(16]

(17]

rescue a Saccharomyces cerevisiae frel mutant[J]. Microbiology,
2000, 146(4): 869-876

Georgatsou E, Alexandraki D. Regulated expression of the
Saccharomyces cerevisiae Frelp/Fre2p Fe/Cu reductase related
genes]J]. Yeast, 1999, 15(7): 573-584

Qian KF. Functional study of ferric reductase gene CFL1 in
Candida albicang[D]. Tianjin: Master’s Thesis of Nankai
University, 2014 (in Chinese)

BRI, AR R R 5 CRLL SRS REWISE[D]. Rk
BT ICA A 2183, 2014

Yu QL. Role of the calcium homeostasis system in morphogenesis
and stress response in Candida albicang[D]. Tianjin: Doctoral
Dissertation of Nanka University, 2013 (in Chinese)

WICAR. FSERAS RGAE S IR BIE A R A K I R 3
AERFFEID]. KM RIFFAEI L2006, 2013

Xu N, Cheng XX, Yu QL, et a. Research advances of iron
homeostasis regulatory networks in Candida albicangJ].
Microbiology China, 2012, 39(3): 386-393 (in Chinese)

T, RO, WAk, S FSERE RS A TR M 2R T
JE[J. A A=iE ], 2012, 39(3): 386-393

He J, Yang XF, Men B, et a. Interfacial mechanisms of
heterogeneous Fenton reactions catalyzed by iron-based
materials: A review[J]. Journal of Environmental Sciences, 2016,
39: 97-109

Chen CB, Pande K, French SD, et a. An iron homeostasis
regulatory circuit with reciprocal roles in Candida albicans
commensalism and pathogenesig[J]. Cell Host & Microbe, 2011,
10(2): 118-135

Kos I, Patterson MJ, Znaidi S, et al. Mechanisms underlying the
delayed activation of the Capl transcription factor in Candida
albicans following combinatorial oxidative and cationic stress
important for phagocytic potency[J]. mBio, 2016, 7(2): e00331-16

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



